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Preface
As was the case with the fi rst edition of Solar Cell Device Physics , this book is focused on the materials, structures, and device physics of photovoltaic devices. Since the fi rst edition was published, much has happened in photovoltaics, such as the advent of excitonic cells and nanotechnology. Capturing the essence of these advances made writing both fun and a challenge. The net result is that Solar Cell Device Physics has been almost entirely rewritten. A unifying approach to all the developments is used throughout the new edition. For example, this unifying approach stresses that all solar cells, whether based on absorption that produces excitons or on absorption that directly produces free electron -hole pairs, share the common requirement of needing a structure that breaks symmetry for the free electrons and holes. The breaking of symmetry is ultimately what is required to enable a solar cell to produce electric power. The book takes the perspective that this breaking of symmetry can occur due to built-in electrostatic fi elds or due to built-in effective fi elds arising from spatial changes in the density of states distribution (changes in energy level positions, number, or both). The electrostatic-fi eld approach is, of course, what is used in the classic silicon p -n junction solar cell. The effective-fi elds approach is, for example, what is exploited in the dye-sensitized solar cell.
This edition employs both analytical and numerical analyses of solar cell structures for understanding and exploring device physics. Many of the details of the analytical analyses are contained in the appendices, so that the development of ideas is not interrupted by the development of equations. The numerical analyses employ the computer code Analysis of Microelectronic and Photovoltaic Structures (AMPS), which came out of, and is heavily used by, the author ' s research group. AMPS is utilized in the introductory sections to augment the understanding of the origins of photovoltaic action. It is used in the chapters dedicated to different cell types to give a detailed examination of the full gamut of solar cell types, from inorganic p -n junctions to organic heterojunctions xii Preface and dye-sensitized cells. The computer modeling provides the dark and light current voltage characteristics of cells but, more importantly, it is used to " pry open cells " to examine in detail the current components, the electric fi elds, and the recombination present during operation. The various examples discussed in the book are available on the AMPS Web site ( www.ampsmodeling.org ). The hope is that the reader will want to examine the numerical modeling cases in more detail and perhaps use them as a tool to further explore device physics.
It should be noted that some of the author ' s specifi c ways of doing things have crept into the book. For example, many texts use q for the magnitude of the charge on an electron, but here the symbol e is used throughout for this quantity. Also kT, the measure of random thermal energy, is in electron volts (0.026 eV at room temperature) everywhere. This means that terms that may be written elsewhere as e qV/kT appear here as e V/kT with V in volts and kT in electron volts. It also means that expressions like the Einstein relation between diffusivity D p and mobility μ p for holes, for example, appear in this book as D p ϭ kT μ p .
Photovoltaics will continue to develop rapidly as alternative energy sources continue to gain in importance. This book is not designed to be a full review of where we have been or of where that development is now, although each is briefl y mentioned in the device chapters. The intent of the book is to give the reader the fundamentals needed to keep up with, and contribute to, the growth of this exciting fi eld.
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List of Symbols
Element
Description (Units)
Dimensionless quantity describing ratio of n-portion quasi-neutral region length to hole diffusion length β 2 Dimensionless quantity describing ratio of n-portion quasi-neutral region length to the absorption length
Dimensionless quantity describing ratio of top-surface hole carrier recombination velocity to hole diffusionrecombination velocity in the n-portion
Dimensionless quantity describing ratio of the absorber thickness up to the beginning of the quasi-neutral region in the p-portion to absorption length
Dimensionless quantity describing ratio of p-portion quasi-neutral-region length to electron diffusion length
Dimensionless quantity describing ratio of the p-portion quasi-neutral-region length to absorption length
Dimensionless quantity describing ratio of back-surface electron carrier recombination velocity to the electron diffusion-recombination velocity φ BI Energy difference between E C and E F for an n-type material or the energy difference between E F and E V for a p-type material at the semiconductor surface in an M-I-S structure (eV) Defi ned by n 1 ϭ N C e Ϫ (E C Ϫ E T )/kT where E T is the location of gap states participating in S-R-H recombination (cm
Electron population in a p-type material at thermodynamic equilibrium (cm 
